Many statistical methods have been developed to screen for differentially expressed genes associated with specific phenotypes in the microarray data. However, it remains a major challenge to synthesize the observed expression patterns with abundant biological knowledge for more complete understanding of the biological functions among genes. Various methods including clustering analysis on genes,
neural network, Bayesian network and pathway analysis have been developed toward this goal. In most of these procedures, the activation and inhibition relationships among genes have hardly been utilized in the modeling steps. We propose two novel Bayesian models to integrate the microarray data with the putative pathway structures obtained from the KEGG database and the directional gene-gene interactions in the medical literature. We define the symmetric Kullback-Leibler divergence of a pathway, and use it to identify the pathway(s) most supported by the microarray data. Monte Carlo Markov Chain sampling algorithm is given for posterior computation in the hierarchical model. The proposed method is shown to select the most supported pathway in an illustrative example. Finally, we apply the methodology to a real microarray data set to understand the gene expression profile of osteoblast lineage at defined stages of differentiation. We observe that our method correctly identifies the pathways that are reported to play essential roles in modulating bone mass.
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Introduction
Genome informatics was born to cope with the vast amount of data generated by the genomic studies, in particular, to support experimental projects. The challenges for post-genome informatics are on synthesis of biological knowledge from genomic information toward understanding of general principles of life. So post-genome informatics has to be coupled with systematic experiments in functional genomics. However, the coupling is in a different direction where informatics plays a dominant role in designing experiments and prediction.
High-throughput gene analysis technology such as cDNA microarray and oligonucleotide arrays has enabled parallel analysis of thousands of genes simultaneously. Numerous statistical methods have been developed to screen for differentially expressed genes, either up-or down-regulated, in these experiments. While these projects rapidly determine gene catalogs for an increasing number of organisms, functional annotation of individual genes is still largely incomplete. It would be essential to have knowledge on coregulated genes and their interactions. Consequently, various methods have been developed toward these goals. The methods include clustering analysis on genes, neural network, Bayesian network (BN), and pathway analysis. In this paper, we will focus on pathway and Bayesian network approaches.
There are multiple sources of knowledge on pathway and gene interaction. Kyoto Encyclopedia of Genes and Genomes (KEGG) database [17] was initiated by Japanese human genome program in 1995 to link genomic information with higher order functional information by computerizing current knowledge on cellular processes and by standardizing gene annotations. These databases are often called metadata, which means data about data. KEGG consists of three databases: PATHWAY for representing higher order functions in terms of the network of interacting molecules, GENES for the collection of gene catalogs for all completely sequenced genomes and some partial genomes, and LIGAND for the collection of chemical compounds
